This study was conducted to compare how the nutrients and organic matter content in household kitchen wastes and sewage sludge transform in 120-days vermicomposting experiment. The concentrations of nitrogen, phosphorous and potassium increased during the experiment. The dry matter content of the composts decreased and the value of pH in the case of kitchen wastes increased and for sewage sludge vermicompost it remained almost unchanged. The amounts of organic matter and nutrients decreased to half of the initial masses, but the concentrations of nutrients increased remarkably both in kitchen wastes and in sewage sludge and sawdust mixtures as a result of vermicomposting. Vermicompost made from kitchen wastes contained 3.3% total nitrogen, 0.7% total phosphorous and 5.8% potassium. In the case of the vermicompost made from sewage sludge and sawdust the corresponding indicators were: 2.4% total nitrogen, 0.2% total phosphorous and 0.3% potassium. Small-scale vermicomposting of both household kitchen wastes and sewage sludge turned to be efficient.
Introduction
Composting of organic wastes is a traditional cost-effective way to reduce wastes and to reuse organic matter (Tremier, de Guardia, Massiani, Paul, & Martel, 2005; Suthar & Singh, 2008; Lillenberg et al., 2010 ). An attractive alternative to thermophilic composting is the application of certain epigeic earthworm species (Edwards, Subler, & Arancon, 2011; Ivask, Olle, & Nei, 2013) . Substrate aeration, mixing, grinding, fragmentation, enzymatic digestion and also microbial decomposition take place in the intestines of earthworms (Sharma, Pradham, Satya, & Vasudevan, 2005; Adi & Noor, 2009) . Organic matter decomposes to mineral compounds, carbon dioxide and water. Under aerobic conditions microbial and faunal decomposers participate in this process. Vermicompost is especially interesting as an organic fertilizer because it is characterized by a high content of plant available nutrients (Edwards & Arancon, 2004; Dominguez, 2004; Adi & Noor, 2009 ).
Several authors (Dominguez, 2004; Kaushik & Garg, 2004; Edwards et al., 2011; Maksimova, 2011) have pointed out that earthworms are the key organisms in decomposing organic matter and transforming nutrients. Dominguez (2004) has described vermicomposting as a decomposition process involving interactions between earthworms and microorganisms. Microorganisms are responsible for the biochemical degradation of organic matter, while earthworms are the crucial drivers of the process, fragmenting and conditioning the substrate, increasing its surface area and altering the biological activity of the media (Edwards & Arancon, 2004) . Earthworms are acting as a kind of ecological engineer that consumes organic wastes, breaks them down into very small particles and decreases the C:N ratio (Edwards et al., 2011) . The species most commonly used for breaking down organic wastes are Eisenia fetida (Savigny, 1826) and Dendrobaena veneta (Rosa, 1886) . The reasons why Eisenia fetida or Dendrobaena veneta species are preferred in vermicomposting are that they tolerate a wide range of temperatures and they are readily handled, and in mixed species cultures they usually become dominant (Edwards & Arancon, 2004) . In Estonia, Latvia and Lithuania Eisenia fetida is one of the native earthworm species inhabiting manure and compost piles.
Several studies have demonstrated the ability of some earthworm species to consume a wide range of organic wastes such as sewage sludge, animal dung, crop residues and industrial effuse (Chan & Griffiths, 1988; Hartenstein & Bisesi, 1989; Edwards, 1998) . The vermicompost has more available nutrients per kg weight than the organic substrate from which it is produced (Buchanan, Russell, & Block, 1988) . The biological activity of earthworms provides nutrient rich vermicompost for plant growth, thus facilitating the transfer of nutrients to plants (Ismail, 2000) .
Recently a detailed study performed by Yousefi, Younesi and Ghasempoury (2013) resulted in that the mixture of one waste high in carbon and low in nitrogen (sawdust) with another waste that is high in nitrogen (municipal solid waste, MSW) makes it possible to obtain an optimum C:N ratio for composting, increase water preservation and improve the final quality of the compost product. The composting piles with sawdust required shorter composting periods than those without any sawdust.
Small-scale composting is becoming increasingly popular in households. Systems located outdoors can handle a larger amount of household waste but these are influenced by extremes in weather (Sherman & Appelhof, 2011) . When operating at low ambient temperatures the vermicomposting systems have very low rates of earthworm reproduction (Frederickson & Howell, 2003) . Because of this vermitechnology is not widely used in Nordic countries. With the aim of overcoming this disadvantage, the current study was to evaluate how earthworms Eisenia fetida and Dendrobaena veneta are able to recycle household organic wastes in small-scale composting experiments under boreal climatic conditions.
Materials and Methods
The experiment was conducted in a non-heated room. The duration of composting was 120 days. Earthworms Eisenia fetida and Dendrobaena veneta were used in vermicomposting experiments performed in non-transparent plastic containers. The temperature of the composting material was measured during the whole experiment.
The experiments with kitchen wastes were performed as follows: the containers were filled with 0.5 kg of mineral soil, 0.5 kg of earthworms and 0.5 kg of kitchen wastes. The kitchen wastes included a mix from a family kitchen: fruits, vegetables and plants (fresh or boiled); coffee grounds and teabags including paper; eggshells, chopped up; kitchen paper; milk and meat in small amounts. 0.5-1.0 kg of the mixed kitchen waste was added to the boxes once per week -18 times during the experiment. The total amount of added wastes was 10-15 kg.
In the experiments with sewage sludge the mixtures were made from 6 kg of sawdust, 4 kg of sewage sludge and 0.5 kg of earthworms. The matter was mixed periodically after every 5-7 days, so providing both sufficient aeration and homogenization.
The chemical composition of the studied wastes was analyzed in the beginning and in the end of the experiment. All chemical analyses were performed by the Plant Biochemistry Laboratory of Estonian University of Life Sciences. The methodologies of the analyses are presented in detail in the Official Methods of Analysis (1990) . The following applications were carried out: moisture (gravimetric), pH KCl , total nitrogen (TotN, by the Kjeldahl method), total phosphorus (TotP), and potassium (flame photometric method). The content of organic matter was determined by loss on ignition method according to Schulte, 1995. Data analysis was performed by the program STATISTICA 8.0. The corresponding differences between mean values of parameters were compared using the ANOVA one-way method.
Results
The results of the current study, allowing the comparison of two sets of vermicomposts, made from different types of household wastes, are presented in Table 1 . The mean organic matter content in kitchen wastes added during the experiment was 78%. In the final product -compost -the relevant value had decreased to 49%. The dry matter content of the kitchen wastes was 18% and it remained the same with the accuracy of ±1% in the final compost (after 120 days from the beginning of the experiment, Table 1 ). At the same time, the values of pH and the concentrations of TotN, TotP and potassium increased. The pH of compost increased from 5.2 to 8.3 at the end of the experiment. The contents of nutrients increased as follows: TotN from 1.8% to 3.3%, from TotP from 0.2 to 0.7% of and K from 1.9 to 5.8% of. During the first two days the temperature increased to 18°C and afterwards remained stable during the course of the experiment.
In the experiments with sewage sludge and sawdust mixture the following results were obtained: the content of organic matter was 54%, dry matter -17%, TotN -2.4%, Tot P -0.2% and potassium -0.3%. The pH of the compost was 6.6. For the comparison, the relevant indicators for typical sewage sludge are also given in Table 1 . 
Discussion
In our experiment with kitchen wastes the concentrations of nitrogen, phosphorous and potassium increased as a result of vermicomposting. Several authors (Garg, Gupta, & Santosh, 2006; Garg, Suthar, & Yadav, 2012; Bharadwaj, 2010) have published similar results, except the dynamics of pH, which decreased in these studies.
In these comparable studies the initial pH value was higher than in our experiment, but the final pH values of the composts became almost equal. This can be explained by the earthworms' ability to adapt the habitat by altering the pH of the substrate to the optimal level with the aim of surviving the population (Dominguez, 2004) . The sufficient rise in the values of TotN, TotP and K in the vermicompost indicates that there was an enhanced mineralization of these elements due to microbial and enzyme activity in the gut of the earthworms, although the increase in concentrations was lower in comparison with some published results obtained from warmer climate regions (Parthasarathi & Ranganathan, 2000; Garg et al., 2006) .
It has been reported that earthworm casts contain more carbon and nitrogen than non-ingested soil (Fragoso, Barois, Gonzalez, Artega, & Patron, 1993) . This indicates that nitrogen is localized in worm castings. The percentage losses of carbon and gains in nitrogen per dry weight during vermicomposting are in agreement with observations made by Vinceslas-Apka and Loquet (1997), who described substantial losses in organic carbon and increases in TotN contents in vermicomposts after 10 months. In addition to the increased content of nitrogen per dry weight, there is also an extra addition of mucus, nitrogenous excretory substances, growth stimulating hormones and enzymes from earthworms in worm-worked bedding (Bhadauria & Ramakrishnan, 1996) .
The increase in TotP in our experiment from 0.2 to 0.7% is considerable. Similar results have been published by Ghosh, Chattopadhyay, and Baral (1999) and Garg et al. (2006) , who concluded that earthworms are efficient in mineralizing organic phosphorous. This is probably due to mineralization and mobilization of phosphorus as a result of enhanced phosphatase activity in earthworm casts, burrows and guts (Brown & Doube, 2004) . The microbial community influences the level of available potassium -the potassium content was almost three times higher in the end of the experiment. This result is in agreement with the results obtained by other authors (Garg et al., 2006) .
The moisture content of kitchen wastes is usually high. In our study, the moisture content of the compost in the end of the period was 84%, which is the optimal value for Eisenia fetida according to Dominguez (2004) . The results obtained in the end of composting were compared with quality criteria for vermicompost, proposed by Edwards et al. (2011) ; all the relevant values (except the moisture content) corresponded to these criteria (Table  1 ).
In the experiments with sewage sludge and sawdust mixture comparable results were obtained (see Table 1 ).
Only the content of minerals and TotP of the final product were below the values that have been recommended by Edwards et al. (2011) . There is no doubt that these (essential) differences resulted from the additions of sawdust. The pH of the compost was 6.6, being lower than in the case of the vermicompost made from kitchen wastes. This is in agreement with the results obtained by Yousefi et al. (2013) : in this study sawdust admixtures also produced lowering of pH in final products. 
Conclusion
Vermicomposting technology is a simple and environmentally friendly biological treatment of wastes. As a result of the current work we have proven the applicability and efficiency of using earthworms Eisenia fetida and Dendrobaena veneta in a small-scale vermicomposting of household organic residues in the countries with the climate comparable to Estonia.
